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Nakivubo swamp (papyrus wetland) is located in the south east of the city of Kampala. Uganda. This
swamp has been receiving waste water from Nakivubo channel for more than two decades. This
investigation was aimed at monitoring the level of pollutants (nutrients and faecal coliforms) as the
waste water filtrates through the swamp and the flow patterns of waste water through the swamp.
From this preliminary investigation it was found out that the waste water is not evenly distributed
over the swamp. Also high levels of pollutants seem to filtrate through the swamp and enter Inner
Murchison Bay - lake Victoria. Further research is under way to investigate in more detail the
capacity of Nakivubo swamp to remove nutrients/pollutants from waste water flowing through it and
the dominant mechanisms/processes involved.
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INTRODUCTION:
Industrialisation and population increase have
resulted in increased production of waste
water which nas also accelerated
eutrophication ofsurfacewaters and spreading
ofwaterbome diseases.
Wetlands are currently seen as cheaper
technologies to remove nutrients from waste
water (tertiary treatment) as they have low
investment and operational costs. However,
more rand is required compared to
conventional treatment systems (HAMMER
& BASTIAN, 1989).
Wetlands remove nutrients from waste water
through physico-chemical and biological
mechanisms. Nitrogen is removed from
waste water through processes of
ammonification, nitrification, denitrification
and plant uptake (BREEN, 1990; HAMMER
and KNIGHT, 1992). Plant uptake is the
only mechanisms through which phosphorus
can be removed from wetlands as there is no
equivalent of denitrification during
phosphorus transformation (PATRICK,
1990). Phosphorus is usually absorbed by or
adsorbed to the sediment temporarily and
when the sediment is saturated the reverse,
process (desorption) takes place. Export of
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A n a l y s e s
d u g a c r o s s t h e s w a
b e g i n n i n g o f t r a n s e
s w a m p w a s inacces~
t o r e a c h m o s t p a r t s
s a m p l e s . T r a n s e c t
S i t e 4 i s t h e i n t e r f a c e :
I n n e r M u r c h i s o n E
l o c a t i o n s ( L K A a n d
s t u d y . L K A i s a t t b
w h i l e L K B i s 2 0 m
F a e c a l c o l i f o r m s W i
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a k n o w n s t a n d a r d s
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N a k i v u b o s w a m p r e c e i v e s s e c o n d a r y t r e a t e d
e f f l u e n t f r o m B u g o l o b i s e w a g e w o r k s a n d
s t o r m w a t e r r u n - o f f f r o m N a k i v u b o C h a n n e l .
I t a l s o r e c e i v e s r a w s e w a g e f r o m L u z i r a
P r i s o n s . S a m p l e s w e r e t a k e n f r o m s i t e s 1 t o
4 . S i t e 1 r e p r e s e n t s t h e p o i n t w h e r e w a s t e
w a t e r f r o m N a k i v u b o C h a n n e l e n t e r s
N a k i v u b o s w a m p . A t s i t e 2 a c h a n n e l w a s
D e s c r i p t i o n o f t h e S t u d y A r e a
T h i s i n v e s t i g a t i o n w a s c a r r i e d o u t i n N a k i v u b o
s w a m p d u r i n g t h e p e r i o d o f A u g u s t t o S e p t e m b e r
1 9 9 3 . T h e s c h e m a t i c r e p r e s e n t a t i o n o f t h e s w a m p
i s d e p i c t e d i n F i g . 1 .
f l o w p a t t e r n s o f t h e w a s t e w a t e r f l o w i n g
t h r o u g h t h e s w a m p i n t o I n n e r M u r c h i n s o n
B a y - L a k e V i c t o r i a .
P a p y r u s w e t l a n d s a r e b o t h e m e r g e n t a n d
f l o a t i n g a n d h a v e h i g h b i o m a s s p r o d u c t i v i t y
c o m p a r e d t o o t h e r m a c r o p h y t e s ( G A U D E T ,
1 9 7 7 ) . T h e s e c h a r a c t e r i s t i c s , m a k e p a p y r u s
w e t l a n d s p r o m i s i n g f o r w a s t e w a t e r t r e a t m e n t .
I t h a s r e c e n t l y b e e n d e m o n s t r a t e d t h a t , C .
p a p y r u s c a n s i g n i f i c a n t l y r e m o v e n u t r i e n t s
( n i t r o g e n a n d p h o s p h o r u s ) f r o m s y n t h e t i c
w a s t e w a t e r u n d e r g r e e n h o u s e c o n d i t i o n s
( V A N B R U G G E N e t a l . , 1 9 9 2 ; K A N S I I M E ,
1 9 9 3 ; O K I A 1 9 9 3 ) . H o w e v e r , f r o m a v a i l a b l e
l i t e r a t u r e o n c o n s t r u c t e d a n d n a t u r a l w e t l a n d s ,
i t i s s t i l l u n c e r t a i n a s t o w h a t d e g r e e o f
e f f i c i e n c y c a n b e a c h i e v e d b y C . p a p y r u s i n
w a s t e w a t e r t r e a t m e n t . F u r t h e r m o r e , t h e
p e r f o r m a n c e o f w e t l a n d s h a s b e e n r e p o r t e d
t o v a r y f r o m o n e g e o g r a p h i c r e g i o n t o a n o t h e r
( H A M M E R A N D K N I G H T , 1 9 9 2 ) .
H e n c e f o r t h , a r e s e a r c h p r o g r a m m e i s
c u r r e n t l y g o i n g o n t o d e v e l o p a s t r a t e g y f o r
s u s t a i n a b l e u s e o f N a k i v u b o s w a m p f o r w a s t e
w a t e r t r e a t m e n t a n d o t h e r a n t h r o p o g e n i c
u s e s . T h e a i m o f t h i s i n v e s t i g a t i o n w a s t o
e s t a b l i s h t h e f a t e o f m a j o r p o l l u t a n t s a n d
p h o s p h o r u s f r o m w e t l a n d s h a s a c t u a l l y b e e n
r e p o r t e d ( G E H R E L S a n d M U L A M O O T T I L ,
1 9 8 9 ) . H e n c e f o r t h , h a r v e s t i n g o f w e t l a n d
p l a n t s h a s b e e n r e c o m m e n d e d b y s e v e r a l
a u t h o r s a s t h e o n l y m a n a g e m e n t o p t i o n f o r
r e m o v i n g p h o s p h o r u s f r o m w e t l a n d s
( M U T H U R I e t a l ; ~989; B R E E N , 1 9 9 0 ) .
P a p y r u s w e t l a n d s , b e c a u s e o f t h e i r l o c a t i o n s
( b e t w e e n l a n d a n d o p e n w a t e r ) h a v e b e e n
u s e d f o r treatm~nt o f s e w a g e e f f l u e n t s a n d
r u n - o f f f r o m t o w n s a n d a g r i c u l t u r a l a r e a s .
T h e s e w e t l a n d s h a y . e b e e n r e p o r t e d t o r e m o v e
n u t r i e n t s f r o m w a s t e w a t e r ( C H A L E , 1 9 8 7 ;
T A Y L O R , 1 9 9 1 ; K I Z I T O , 1 9 8 6 ) .
c
,~
..
u
100 ~
. .
..~....... 00 I
....,.....".. ~
, , 300 ~
.;;
..
II
:J
'0
C
200 e
......
Variation of ammonia (- 0 - ) nitrate
(0- • -0 ) phosphate (--0 -- ) and conductivity
(. .() .. ) as waste matter filtrates through the
swamp. Swamp inlet is the pointwhere the
waste water from Nakivubo channel enters
the swamp; TI50 is a point 50m along
channel I,T2207 is 207m along transect 2
and lake A is the interphase between the
swamp and Inner Murchison Bay - lake
Victoria (site 4, Pig.I).
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RESULTS AND DISCUSSION
Faecal coliforms were determined according
to standard methods, using the Most Probable
Number technique (APHA, 1989).
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Analyses
Level or Pollutants in Nakivubo Swamp
I
The fate of pollutants (nutrients and
bacteriological indicators) were monitored
as the waste water (carried by Nakivubo
Channel) enters the swamp, within the swamp,
and at the interface between the swamp and
Inner Murchison Bay (Fig. 1).
Electrical conductivity, pH, dissolved oxygen
and temperature were measured in situ using
appropriate probes and according to
manufacturers instructions. Ammonium
nitrogen and orthophosphate, were
determined according to Standard Methods
(APHA, 1989) using salicylate and ascorbic
acid methods respectiyely. A Hach
spectrophotometer (DR 2000) was used.
Precision and accuracy of the
spectrophotometer and the procedures used
for the analysis of samples, were counter -
checked by determining the concentration of
a known standards.
dug across the swamp at 230 m from the
beginning of transect 1, as this part of the
swamp was inaccessible. A canoe was used
to reach most parts of this transect to take
samples. Transect 2 was cut across site 3.
Site 4 is the interface between the swamp and
Inner Murchison Bay. At this site, two
locations (LKA and LKB) were used in this
study. LKA is at the lake - swamp interface
while LKB is 20 m from LKA.
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T o g e t a n i n s i g h t i n t o t h e f l o w p a t t e r n s a s t h e
w a s t e w a t e r f l o w s t h r o u g h N a k i v u b o s w a m p
e l e c t r i c a l c o n d u c t i v i t y a n d f a e c a l c o l i f o r m s
w e r e u s e d a s t r a c e r s .
M o n i t o r i n g o f t h e s e p a r a m e t e r s w a s d o n e
a l o n g t r a n s e c t s 1 a n d 2 ( s a m p l i n g s i t e s 2 a n d
3 , F i g . I ) a n d t h e r e s u l t s a r e p r e s e n t e d i n
f i g u r e s 4 a n d 5 ) . A s c a n b e s e e n f r o m t h e
g r a p h s , t h e p e a k o f t h e w a s t e w a t e r p l u m e
a p p a r e n t l y f l o w s t h r o u g h t r a n s e c t 1 a t T I 5 0
( T 1 5 0 = 5 0 m f r o m t h e b e g i n n i n g o f c h a n n e l
1 ) a n d t r a n s e c t 2 a t T 2 2 0 7 . T h e e l e c t r i c a l
c o n d u c t i v i t y o f t h e s w a m p i n f l u e n t w a s m o r e
l e s s t h e s a m e a s t h a t f o u n d a t T 1 5 0 ( 4 4 4 I L l
c m ) . M o r e o r l e s s t h e s a m e v a l u e w a s
o b s e r v e d a l o n g c h a n n e l I t o w a r d s L u z i r a
( p r i s o n s s i d e ) i m p l y i n g t h a t , t h e w a s t e w a t e r
F l o w P a t t e r n s o f P o l l u t a n t s i n N a k i v u b o
S w a m p .
I t s h o u l d a l s o b e n o t e d t h a t d i l u t i o n a n d
m i x i n g i n t h e l a k e m a y l a r g e l y a c c o u n t f o r
t h e d e c r e a s e i n t h e l e v e l s o f p o l l u t a n t s a n d
m o r e s p e c i f i c a l l y f a e c a l c o l i f o r m s a s d e p i c t e d
i n F i g . 3 . T h i s . i s b e c a u s e L K A i s a t t h e
i n t e r f a c e b e t w e e n t h e s w a m p a n d o p e n w a t e r ,
w h e r e a s L K B i s j u s t 2 0 m f r o m L K A ( L K A
& L K B a r e l o c a t e d a t s i t e 4 , F i g . l ) . D e c r e a s e
i n l e v e l s o f f a e c a l c o l i f o r m s ( w h i c h m i g h t b e
m o r e d r a m a t i c f a r t o w a r d s t h e l a k e s i d e f r o m
s i t e 4 ) c a n n o t b e f u l l y e x p l a i n e d b y r e m o v a l
p r o c e s s e s .
( I n n e r M u r c h i s o n B a y ) d e p e n d s o n t h e
p o l l u t a n t l o a d s i n t o t h e s w a m p a n d a l s o o n
t h e d u r a t i o n o f d i s c h a r g e . C o n t i n u o u s
d i s c h a r g e w i t h o u t i n f o r m a t i o n o n t h e c a r r y i n g
c a p a c i t y o f t h e s w a m p c o u l d l a t e r l e a d t o
s a t u r a t i o n a n d s u b s e q u e n t l y m o s t p o l l u t a n t s
w o u l d f l o w t h r o u g h t h e s w a m p u n a f f e c t e d .
L K B
' L e v e l o f t h e f e a c a l c o l i f o n n s a s w a s t e
w a t e r f l l t r a t e s t h r o u g h t h e s w a m p N . m a i n
i s t h e p o i n t w h e r e t h e w a s t e w a t e r N a k i v u b o
c h a n n e l e n t e r s t h e s w a m p ; T I S O a n d 2 0 7 m
a n d T 2 2 0 7 a r e p o i n t s a t s O m a n d 2 0 7 m
a l o n g c h a n n e l I a n d t r a n s e c t 2 r e s p e c t i v e l y ;
a n d L K A i s a p o i n t a t t h e L a k e - s w a m p
i n t e r p h a s e w h i l e L K B i s 2 0 m f r o m L K A .
1 0
1
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1
, " , , " " I I
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1 0 7
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T h e e f f e c t o f t h e s e p o l l u t a n t s o n L a k e V i c t o r i a
T h e v a r i a t i o n s o f m e a s u r e d p a r a m e t e r s a r e
p r e s e n t e d i n f i g u r e s 2 a n d 3 . A s c a n b e s e e n
f r o m t h e g r a p h s t h e r e w a s g e n e r a l d e c r e a s e
i n t h e l e v e l s o f a l l m e a s u r e d p a r a m e t e r s
( n u t r i e n t s a n d f a e c a l c o l i f o r m s ) a s t h e w a s t e
w a t e r f r o m N a k i v u b o C h a n n e l f i l t r a t e s
t h r o u g h t h e s w a m p t h o u g h h i g h l e v e l s o f
p o l l u t a n t s r e a c h I n n e r M u r c h i s o n B a y - l a k e
V i c t o r i a .
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t h e p l a n t s a r e g e t t i n g m o r e n u t r i e n t s , i t w a s
a l s o s t i p u l a t e d t h a t t h e l e v e l o f p o l l u t a n t s i n
w a s t e w a t e r s h o u l d b e h i g h e r a l o n g t h e
p r e d i c t e d p a t h o f w a s t e w a t e r . A s a r e s u l t ,
t h e l e v e l o f n u t r i e n t s w e r e m o n i t o r e d a n d t h e
r e s u l t s f o r t r a n s e c t 2 a r e d e p i c t e d i n F i g . 7 .
A s c a n b e s e e n f r o m t h e g r a p h , h i g h
c o n c e n t r a t i o n s o f n u t r i e n t s w e r e o b t a i n e d a t
a d i s t a n c e o f 2 0 7 m f r o m t h e b e g i n n i n g o f
t r a n s e c t 2 . T h i s i s t h e s a m e s p o t w h e r e
m a x i m u m e l e c t r i c a l c o n d u c t i v i t y ( F i g . 5 )
a n d f a e c a l c o l i f o r m s ( F i g . 6 ) w e r e d e t e c t e d .
C O N C L U S I O N S
T h e r e s u l t s p r e s e n t e d c l e a r l y d e m o n s t r a t e
t h a t w a s t e w a t e r f r o m N a k i v u b o c h a n n e l i s
n o t e v e n l y d i s t r i b u t e d o v e r N a k i v u b o s w a m p .
H o w e v e r , t h e r e i s a l s o n e e d t o i n v e s t i g a t e t h e
V a r i a t i o n o f f e a c a l c o l i f o n n s a t g i v e n
d i s t a n c e s a l o n g c h a n n e l l a t a d i s t a n c e o f
3 0 m w h i l e T 2 1 0 0 i s t r a n s e c t 2 a t d i s t a n c e
o f 1 0 0 m .
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P i g . 6 .
T h e f l o w p a t t e r n o f w a s t e w a t e r w a s a l s o
p r e d i c t e d b y t h e v i s u a l a p p e a r a n c e o f p a p y r u s
p l a n t s . P l a n t s a l o n g t h e p r e d i c t e d p a t h o f
w a s t e w a t e r w e r e l u s h a n d m o r e g r e e n
c o m p a r e d t o t h o s e a t t h e e d g e o f t h e s w a m p
t o w a r d s B u k a s a s i d e ( M u y e n g a H i l l ) . T h e
l a t t e r w e r e s t u n t e d a n d y e l l o w i s h i n
a p p e a r a n c e a n d g e n e r a l l y s h o r t e r i n h e i g h t .
S i n c e t h e g r e e n c o l o u r i n d i r e c t l y i m p l i e s t h a t
t e n d s t o f l o w t o w a r d s L u z i r a ( u p t o 1 5 m f r o m
t h e e n d o f t h e s w a m p ) a f t e r e n t e r i n g t r a n s e c t
1 b e f o r e e v e n t u a l l y f l o w i n g t o t h e l a k e
t h r o u g h t r a n s e c t 2 .
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flow patterns of waste water during a rainy Recommendations for future work
season.
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Id be higher along the
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2 are depicted in Fig. 7.
from the graph, high
utrients were obtained at
n from the beginning of
is the same spot where
II conductivity (Fig. 5)
.s (Fig.6) were detected.
ted clearly demonstrate
)m Nakivubo channel is
dover Nakivubo swamp.
so need to investigate the
The observed flow pattern implies that waste
water purification is carried out by a small
portion of the swamp. Earlier reports,
KIZITO, (1968); TAYLOR, (1991)
mentioned that there was significant
improvement of water quality as the waste
water flows through Nakivubo swamp.
However, their observations might have been
influenced by dilution and mixing at the
swamp -lake interface. Since, we also could
not carry out a derailed investigation at the
interface (the place was in most cases covered
by the water Hyacinth, making navigation
difficult), we could not predict accurately
the whole area of the lake - swamp interface
where the waste water flows into Inner
Murchison Bay. However, use of transects
within the swamp, gave a clear indication on
the flow patterns of waste water in the
swamp and the portion of the swamp under
the influence of waste water.
Since high leyels of' 'pollutants (NH4-N and
faecal coliforms) were detected at the lake -
swamp interfac~ of Inner Murchison bay,
and Nakivubo channel is continuously
qischarging into Nakivubo swamp, this
implies that pollutants are continuously
reaching Inner Murchison bay. This is an
undesirable situation as it might eventually
lead to the eutrophication ofInner Murchison
bay and Lake Victoria in general. Henceforth,
there is need to reduce/minimise the pollutants
carried by Nakivubo channel to desirable
levels.
(i) Making a mass balance for N and P for
Nakivubo swamp.
(ii) Quantifying the predominant
mechanisms/processes involved in N
and P transformations.
(iii) Water balance of the swamp.
(iv) Substantiate the role played by C.
papyrus in Nakivubo swamp.
SUMMARY
This study was carried out in Nakivubo
swamp which is dominated by Cyperus
papyrus and is located in the south east ofthe
city of Kampala, Uganda. The swamp has
been receiving waste water from Nakivubo
channel for more than' two decades now.
Nakivubo channel carries secondary treated
effluent from Bugolobi sewage works and
storm water run-offfroll} the city ofKampala.
This investigation was aimed at monitoring
the level of pollutants (nutrients and faecal
coliforms) as the waste water filtrates through
the swamp and the flow patterns of waste
water through thesw~p. The results indicate
that waste water is not evenly distributed
over the swamp but has preferential flow
paths. This was also revealed by the lushness
of the vegetation (papyrus plants whereby
plants under the influence of the waste water
were more healthy (green, thick and tall
plants).
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T h e r e s u l t s f u r t h e r i n d i c a t e t h a t h i g h l e v e l s
o f p o l l u t a n t s s e e m t o f i l t r a t e t h r o u g h t h e
s w a m p a n d e n t e r I n n e r M u r c h i s o n B a y -
L a k e V i c t o r i a . T h i s i s b e c a u s e h i g h l e v e l s o f
p o l l u t a n t s ( N H
4
- N a n d c o l i f o r m s ) w e r e
d e t e c t e d a t t h e s w a m p - l a k e i n t e r f a c e . D e s p i t e
t h e f a c t t h a t t h e r e w a s a r e d u c t i o n i n p o l l u t a n t s
t o w a r d s t h e l a k e f r o m s w a m p - l a k e i n t e r f a c e ,
t h i s d e c r e a s e c o u l d l a r g e l y b e a t t r i b u t e d t o
d i l u t i o n a n d m i x i n g i n t h e lak~ t h a n r e m o v a l
p r o c e s s e s .
S i n c e N a k i v u b o ' c h a n n e l i s c o n t i n u o u s l y
d i s c h a r g i n g i n t o N a k i v u b o s w a m p , t h i s
i m p l i e s t h a t p o l l u t a n t s a r e c o n t i n u o u s l y
r e a c h i n g I n n e r M u r c h i s o n b a y . T h i s i s n o t a
d e s i r a b l e s i t u a t i o n a s i t m i g h t e v e n t u a l l y l e a d
t o t h e e u t r o p h i c a t i o n o f I n n e r M u r c h i s o n b a y
a n d L a k e V i c t o r i a i n g e n e r a l . H e n c e f o r t h ,
t h e r e i s n e e d t o r e d u c e / m i n i m i s e t h e p o l l u t a n t s
c a r r i e d b y N a k i v u b o c h a n n e l t o d e s i r a b l e
l e v e l s .
T h i s s t u d y h a s d i v e r t e d f r o m t h e ' b l a c k b o x
a p p r o a c h ' ( i n - o u t a p p r o a c h ) o f s t u d y i n g
N a k i v u b o s w a m p b y u s i n g t r a n s e c t s w h i c h
w e r e c u t a c r o s s t h e s w a m p . T h e t r a n s e c t s
h e l p e d u s t o m o n i t o r p o l l u t a n t s a s t h e y e n t e r
t h e s w a m p , w i t h i n t h e s w a m p a n d a t t h e l a k e -
s w a m p i n t e r f a c e .
F u r t h e r r e s e a r c h i s u n d e r w a y t o i n v e s t i g a t e
i n m o r e d e t a i l , t h e c a p a c i t y o f N a k i v u b o
s w a m p t o r e m o v e n u t r i e n t s / p o l l u t a n t s f r o m
w a s t e w a t e r f l o w i n g t h r o u g h i t a n d t h e
d o m i n a n t m e c h a n i s m s / p r o c e s s e s i n v o l v e d .
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s p o n s o r i n g t h i s s t u d y .
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